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ULTRASTRUCTURAL AND IMMUNOLOGICAL CHARACTERIZATION OF C3, C3-C4 AND C4 ACCESSIONS
Our broad comparative analysis focused on gross leaf anatomy, capturing differences in tissue volumes and cell numbers and sizes. However, previous work in other species has reported ultrastructural differences between photosynthetic types, involving the distribution and characteristics of organelles and subcellular elements (Hattersley et al. 1986; Muhaidat et al. 2011; Sage et al. 2014; Stata et al. 2014 Stata et al. , 2016 . To evaluate whether gross anatomical changes were sufficient for the transition to C4 photosynthesis, or whether these ultrastructural components might also have been involved, we applied TEM to a subset of plants representing the photosynthetic diversity in Alloteropsis semialata, following Khoshravesh et al. 2017. We examined leaf ultrastructure in one accession each representing the C3 (KWT, South Africa), C3-C4 (L04B, Tanzania), and C4 (QSLD, Australia) types, but did not sample the diversity of C4 and C3-C4 accessions used in the gross leaf anatomy analysis. As such, we are unable to establish the minimum differences between these phenotypes. However, our results indicate that the ultrastructure of M and BS cells differs between the C3, C3-C4, and C4 accessions. The M chloroplasts of the C3 accession are more numerous, larger, and cover the cell periphery more than in C3-C4 and C4 types, which is consistent with findings from other physiologically diverse lineages ( Fig. S7 ; Stata et al. 2014; 2016) . Mitochondria and peroxisomes are also more abundant in C3 M cells compared to their C3-C4 and C4 counterparts (Fig. S7) . The high organelle abundance in the BS of the C4 accession co-occurs with a constriction of the vacuole (Fig. S7f) . Accompanying the activation of BS as the site of carbon concentration, the numbers of BS chloroplasts, mitochondria, and peroxisomes increase between the C3 and C4 accessions, with the C3-C4 type showing intermediate abundances (Fig.   S7 ). These findings are consistent with previous comparisons of leaf ultrastructure between the photosynthetic types of A. semialata (Ueno & Sentoku 2006; Frean et al. 1983) and in the grass genus Neurachne (Hattersley et al. 1986 ). In C3-C4 and C4 A. semialata, the BS organelles are not localized centrifugally or centripetally along the cell wall (Fig. S7d,f) , but are instead evenly dispersed throughout the BS cells. This lack of patterning in organelle arrangement has been observed before in A. semialata (Ueno & Sentoku 2006; Frean et al. 1983 ) and other grass species that use the inner sheath for the Calvin cycle (e.g., Neurachne minor; Hattersley et al. 1986) , and likely arises because the combination of BS wall and outer sheath layer represents a strong barrier to CO2 diffusion out of the BS, such that BS organelles do not need to congregate along the cell periphery to maintain high functionality (Sage et al. 2014) . Together, these findings are consistent with the hypothesis that the transition between non-C4 and C4
states was accompanied by enrichment of BS organelles that displaced vacuole area in A.
semialata.
Strong labelling of glycine decarboxylase H sub-protein (GLDH) is detected in the mitochondria of C3 but not C3-C4 or C4 M cells (Fig. S8a,c,e) , and in the BS mitochondria of all analysed plant accessions ( 
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